The validity of a food frequency questionnaire (FFQ) was evaluated against four 7-d diet records among 23 men aged 27-70 y. Volunteer women recorded the amounts of all foods and beverages consumed by their husbands or fathers over a period of 7 d in four consecutive seasons in 1997 and 1998, and a self administered FFQ was answered by each man after completion of the fourth diet record. The diet record was kept in accordance with the method used for Japan's National Nutrition Survey. The FFQ ascertained frequencies and amounts of consumption of rice, bread, noodles, green tea, and coffee; consumption fre quency of 35 food items; and consumption frequency and amount of five alcoholic bever ages. As for most nutrients and foods, mean intakes estimated by the FFQ were lower than those estimated from the diet record. Crude intake of nutrients showed fairly good agree ment between the two methods in terms of Pearson's correlation coefficient (r>0.5), except for total energy (r=0.23), fat (r=0.36), and vitamin A (r=0.29). The adjustment for en ergy intake generally reduced the correlation; the reduction being fairly large for fat intake and vitamin A (r=0.19 for both). There was generally good agreement for the intake of foods and beverages with exceptions for fats/oils (Spearman correlation coefficient, rs=0.30) and other vegetables (r=0.35). The highest correlation was observed for alco holic beverages (r=0.91), bread (rs=0.80), and fruits (rs=0.77). An FFQ covering a limited number of common foods may be useful in assessing the relative position of an individual's habitual consumption of foods and nutrients; however, the instrument generally underesti mates absolute intake. Key Words validity, food frequency questionnaire, diet record, Japanese men Much attention has been drawn to the role of diet in the prevention of cancer and cardiovascular diseases over the past decades (1-3). It is important to measure the habitual, long-term intake of foods and nutrients in order to study the relationship between diet and chronic diseases (3, 4). Of the several methods for mea suring an individual's intake of foods and nutrients, the food frequency questionnaire (FFQ), with and without partial quantitation, has been used most frequently in epidemiologic studies mainly because of easy adminis tration in a large population (3, 4) . While a quantitative estimation of food and nutrient intake by FFQ has been done successfully for epidemiologic studies of chronic diseases such as cancer and cardiovascular diseases in Europe and North America (5-14), most epidemiologic studies on diet and disease in Japan have been based on only the frequency of consuming a limited number of food items and groups (15-21). Simple or semiquanti tative FFQs have been developed very recently to esti mate the habitual intake of foods and nutrients quanti tatively in Japan (22-26). We developed a self-adminis tered FFQ for use in the Self Defense Forces Health Study (27) (28) (29) , in which our aim was to examine the relationship of dietary factors to colorectal adenomas. This paper describes the validity of our FFQ as com pared to the diet record method.
Much attention has been drawn to the role of diet in the prevention of cancer and cardiovascular diseases over the past decades (1) (2) (3) . It is important to measure the habitual, long-term intake of foods and nutrients in order to study the relationship between diet and chronic diseases (3, 4) . Of the several methods for mea suring an individual's intake of foods and nutrients, the food frequency questionnaire (FFQ), with and without partial quantitation, has been used most frequently in epidemiologic studies mainly because of easy adminis tration in a large population (3, 4) . While a quantitative estimation of food and nutrient intake by FFQ has been done successfully for epidemiologic studies of chronic diseases such as cancer and cardiovascular diseases in Europe and North America (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , most epidemiologic studies on diet and disease in Japan have been based on only the frequency of consuming a limited number of food items and groups (15) (16) (17) (18) (19) (20) (21) . Simple or semiquanti tative FFQs have been developed very recently to esti mate the habitual intake of foods and nutrients quanti tatively in Japan (22) (23) (24) (25) (26) . We developed a self-adminis tered FFQ for use in the Self Defense Forces Health Study (27) (28) (29) , in which our aim was to examine the relationship of dietary factors to colorectal adenomas. This paper describes the validity of our FFQ as com pared to the diet record method.
MATERIALS AND METHODS
Subjects. A total of 24 volunteer women were re cruited to participate in the study. They were asked to record the amounts of foods and beverages consumed by their husbands or fathers for a 7-d period four times in 1 y. The first record was done in July to August 1997; the second in October to November 1997; the third in January to February 1998; and the fourth in April to May 1998. A gratuity of 5,000 Japanese yen was awarded after the completion of each 7-d record. One woman withdrew before the third record, and the re maining 23 completed four records for their husbands (n=18) or fathers (n=5). The participating women were research nurses (n=10) and clerical workers (n=2) at the Department of Preventive Medicine, Kyushu University and their acquaintances (n=11), who were housewives.
Dietary records. Detailed instruction was given per * To whom correspondence should be addressed .
E-mail: skono@phealth.med.kyushu-u.ac.jp sonally as to how to record the foods and beverages be fore implementing the first record; the instruction was in accordance with the method used for Japan's National Nutrition Survey (30) . In brief, amounts of foods used for each dish and of beverages consumed for breakfast, lunch, supper, and between-meal snacks and drinks were weighed or alternatively estimated. As for foods consumed outside of the home, in the absence of the woman in charge of recording, the amounts of such foods and beverages were elicited by inquiring to the husband or father. Dietetic scale apparatus were pro vided when needed. A set of forms for recording the diet for 7 d was given with an example of a recording. As for the second to fourth records, the instructions and record forms were mailed or handed to each participat ing woman. (32) , but the software did not incorporate the new version. Green tea and coffee consumption were enumerated manually be cause the amount of an individual food or beverage was not reported in the software.
FFQ. A self-administered FFQ was answered by each man in July to August 1998 after completion of the fourth diet record. The self-administered question naire inquired about the average consumption of 40 food items and five types of alcoholic beverage in the past year (see Appendix 1). The 40 food items were de termined on the basis of previous experiences with di etary surveys done by one of the authors (33) . Both consumption frequency and amount were ascertained regarding rice, noodles, bread, green tea, and coffee. Individuals answered the frequency of consuming rice, noodles, and bread by choosing one of five categories (almost null, once a week, 2-3 times a week, 4-5 times a week, and almost daily), and those that consumed a food item once or more per week reported the amount consumed per day using conventional units (e.g., num ber of bowls for rice and noodles, number of slices for bread). Tea and coffee consumption were ascertained by using closed-ended questions (almost null, one cup per week, 2-3 cups per week, 4-5 cups per week, and almost daily) and open-ended questions inquiring to those who answered "almost daily" the number of cups consumed per day. The frequency of consumption of the remaining 35 items was ascertained using six cate gories (almost null, once a week, 2-3 times a week, 4-5 times a week, almost once per day, and two times or more per day). As for alcoholic beverages, the frequency and quantity were ascertained for sake, shochu, beer, spirits, hard liquor, and wine separately. Six response categories (no use, l-3 times per month, l-2 times per week, 3-4 times per week, 5-6 times per week, and al most daily) were prepared for each alcoholic beverage, and the average amount of each beverage consumed per occasion was reported.
To calculate the intake of nutrients and food groups from the FFQ, the portion size of each food item and the proportions of individual composite foods were deter mined (see Appendix 2) . Five specific food items (onion, broiled fish, broiled meat, broiled poultry, and raw veg etables) were not used for calculating the intake of nu trients and food groups because broader food items were ascertained separately. For most of the food items, portion sizes and proportions of individual composite foods were based on data from a previous survey (33) . As for several other food items, they were determined on the basis of information from various sources includ ing recipe books (34) (35) (36) (37) .
Statistical analysis. Mean and standard deviation are shown in terms of absolute intake of nutrients and foods. Pearson correlation coefficients were used to ex amine the agreement between nutrient intake derived from the FFQ and that from the diet record. The distri butions of most nutrients were skewed toward higher values, and thus natural-log transformation was done for all the nutrient variables. Nutrient intake adjusted for total energy intake was calculated by the Willett method using the residuals from a regression line (38) . The agreement for the food groups was evaluated using Spearman's rank correlation coefficient. Further, the subjects were classified into three groups at the tertiles of the distribution in terms of FFQ-based intake and record-based intake each, and the agreement of cate gories was evaluated by weighted kappa statistics. All statistical computations were done using SAS Version 6.12 (SAS Institute, Inc., Cary, NC, USA).
RESULTS
The average daily intake of energy and nutrients esti mated from the FFQ were generally lower than those de rived from the 2 8-d record ( Table 1 ). The average in takes reported for energy, protein, and fat were about 40% lower in the questionnaire-based estimates, and the intakes reported for carbohydrates and dietary fiber were approximately 30% lower. Questionnaire-based intake was also lower than that estimated from the diet records for some, but not all, food groups ( Table 2) . While the intakes reported for fish, meat, poultry, eggs, and vegetables were 40-60% lower in the questionnaire than in the diet record, the questionnaire-based intakes of cereals, soy products, green tea, and coffee did not differ greatly from the intakes estimated using the diet records. The average alcohol intake estimated by the two methods was almost identical.
Pearson correlation coefficients between nutrient in take estimated from the diet records and questionnaire based nutrient intake are shown in Table 3 . While the Table 1 . The average daily intake of energy and nutrients estimated from the diet record and food frequency question naire (FFQ). Table 2 . Absolute intake (g/d) of selected food groups estimated from the diet record and food frequency questionnaire (FFQ).
Not including pickled vegetables . 2 Amount in ethanol (g) .
intake of total energy, fat, and vitamin A showed rela tively low correlations, other macronutrients and mi cronutrients showed fairly high correlations. The corre lation coefficients for energy-adjusted nutrient intake were generally smaller than those for crude intake. The correlation coefficients for fat and vitamin A were much attenuated when energy-adjusted intake was used.
As for most of the food groups in the study, the corre lation between questionnaire-based and record-based intake was fairly good ( Table 4 ). The items "fats/oils" and "vegetables other than green-yellow vegetables" had Spearman's correlation coefficients of less than 0.4. The correlation coefficients for four food groups were greater than 0.7: bread (rs=0.80), fruits (rs=0.77), cof fee (rs=0.75), and alcohol (rs=0.91). Kappa statistics also showed a fairly good agreement between the two methods, except for cereals (0.29), confectioneries (0.33), fats/oils (0.14), and other vegetables (0.30).
DISCUSSION
The dietary questionnaire used in the present study underestimated the absolute intake of nutrients and foods, but fairly adequately predicted the relative posi tion of an individual's long-term intake of most nutri ents and foods. The underestimation of amounts was probably due to the limited number of food items in the questionnaire. It is also possible that the portion size as signed to some of the food items may have been lower than the average portion size consumed by the study subjects. It has been reported that nutrient and food in take measured using FFOs is generally lower than esti mates made on the basis of diet records or detailed diet histories in both Western countries (5, 9, 10, (12) (13) (14) and Japan (24) .
In the present study, most of the nutrients and foods showed fairly good correlation between record and questionnaire except for the items of total energy, fat in take, vitamin A, and fats/oils. The correlation coeffi cient of 0.23 for total energy intake was much smaller than reported in some of the previous studies using a semiquantitative FFO (11, 13, 14) , but not materially less than the values reported in other studies (5, 7, 10, 12) in Western countries. The correlation coefficients for total energy were 0.21 in one Japanese study (26) and 0.45 in another study based on a semiquantitative FFO in Japan (23) . In the present questionnaire, the quantity was elicited only regarding rice, bread, noo dles, and alcoholic beverages as well as green tea and coffee. It would be necessary to ascertain the portion size of energy-dense, common foods such as meat, poul try, and confectioneries to improve the estimation of en ergy intake on the basis of the questionnaire. A major source of fat intake in the Japanese diet is vegetable oils used for cooking (deep-frying, and pan-frying); one study showing that approximately 15% of fat intake is derived from vegetables oils: used for cooking (39) . It is difficult to ascertain the exact amount of oil used for cooking. The present study ascertained the frequency of deep-fried and pan-fried foods, and 10g and 5g of veg etable oil were assigned to one serving of deep-fried or pan-fried foods, respectively. Admittedly, this method was crude for estimating the amount of oil consumed. The poor estimate for oil intake probably resulted in a relatively weak correlation for fat intake, and conse quently total energy intake, between the dietary record and FFO. The use of energy-adjusted nutrient intake did not in crease the correlation between the estimates from the diet record and those from the questionnaire. In gen eral, correlation coefficients between the diet record and FFO were slightly higher for the energy-adjusted in take of nutrients than for unadjusted (raw) nutrient in take in studies in Europe and North America (5, 7, 9 -12) . These results indicate that the reduction in corre lated measurement error for total calories and nutrients exceeds the reduction in between-individual variations of nutrient intake resulting from adjustment for energy intake (38) . In the present study, fat intake showed a much smaller correlation coefficient between the two methods after adjustment for energy intake. The varia tion of fat intake was only slightly attenuated by adjust ment for energy intake; the coefficient of variation of energy-adjusted fat intake in the scale of natural loga rithm being 3.8%, while that of unadjusted fat intake was 4.9%. The measurement error in the FFQ and/or diet record may have been greater for total energy in take than for fat intake. Two validation studies in Japan also reported that the correlation coefficient for energy adjusted fat intake was lower than that for crude fat in take (23, 24) . The correlation coefficients for crude and energy-adjusted nutrients other than fat in the present study were almost the same in magnitude as reported in other Japanese studies (23, 24, 26) .
Diet records have been regarded as the best reference method for validating an FFQ. However, we have no exact information regarding the thoroughness of diet records. There may have been some inaccuracy in esti mations even based on the diet record. The period of recording is an important factor for determining the ac curacy of habitual nutrient and food intake, especially when intake varies according to season. The method of taking four 7-d records over a period of 1 y was used in the validation of a semiquantitative FFQ used in the Nurses' Health Study (9) . Two 7-d dietary records were employed to validate another semiquantitative FFQ given in the Health Professionals Follow-up Study (10) and a FFQ with a portion-size picture booklet in the Alpha-Tocophenol Beta Carotene Cancer Prevention Study (11) . The semiquantitative FFO used in a Dutch prospective study was validated by making a compari son with three 3-d records carried out 4-5 months apart (13) . In Japan, Wakai et al. (22) validated their FFQ using four 4-d records which were obtained at in tervals of 3 mo, and Tokudome et al. (23) repeated a 1 wk record four times over a 1-y period to validate a semiquantitative FFQ. While a record of 7-14 d in length has been considered adequate to measure most of the diet in Western populations (5, 7, 10, 12, 13) , it is not certain how many days are needed to estimate the habitual intake of nutrients and foods in the Japanese diet. In this regard, the use of four 7-d records in the present study is noteworthy.
Another methodological advantage in the present study is that female spouses (or daughters) recorded the diet of their husbands (or fathers). In previous studies using diet records (5-7, 9-14, 22-24, 26) , participants themselves recorded their diet and answered a dietary questionnaire. The correlation between the FFQ and diet record observed in these studies probably overesti mated the validity because persons participating in the diet record may have been more interested in their diet; and therefore may have recorded the diet and adminis tered the questionnaire more accurately.
The present questionnaire was developed to primarily examine the relation of food and nutrient intake to col orectal adenomas in middle-aged men of the Self Defense Forces. It may be difficult to address the role of fat intake in the occurrence of colorectal adenomas be cause the crude measurement necessarily attenuates the true association.
In conclusion, the FFO covering a limited number of common food items may be useful in assessing the rela tive position of an individual's habitual consumption of foods and nutrients while the instrument generally un derestimates absolute intake.
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